This paper introduces the basic requirements for developing a treatability study work plan for implementation of a remediation technology at a Superfund site. Specifically, the application of nanoparticle technology for remediation of a TCE plume at the Paducah Gaseous Diffusion Plant in western Kentucky is discussed.
Site Description
The Paducah Gaseous Diffusion Plant (PGDP) is the only active uranium enrichment facility in the United States. Located in the western part of McCracken County, KY, the facility is approximately 10 miles west of Paducah and 3.5 miles south of the Ohio River ( Figure 1 ). The plant is located on a US DOE reservation that encompasses approximately 3,500 acres, including property leased to the state of the Kentucky to augment the West Kentucky Wildlife Management Area (WKWMA). The WKWMA provides an effective buffer around the 748 acres that comprise the plant's main industrial operations (DOE, 2006) . US DOE property is bordered to the north by the Tennessee Valley Authority (TVA) Shawnee Steam Plant which, along with another facility in Missouri, provides electricity to the PGDP. US DOE property is bordered to the south and west by the WKWMA. Several private properties directly border US DOE property to east. Residential and agricultural properties to both the plant's east and west have been affected by a TCE groundwater plume (Figure 2 ). An additional Technetium-99 (Tc99) plume also exists, but all concentrations above MCLs currently are contained within US DOE property boundaries. Surface water from the PGDP is discharged into a series of drainage channels east and west of the plant; these channels flow into Little Bayou and (Big) Bayou creeks as shown in Figure 2 (KRCEE, 2007 As part of the FFA agreement, management of clean-up efforts first involved characterization of all potential sources of contamination into solid waste management units (SWMUs) or Areas of Concern (AOC). This process included a qualitative evaluation of contaminant types and concentration, release mechanisms, likely exposure pathways, estimated points of exposure, and potential receptors based on current and reasonably foreseeable future land and groundwater uses. These sources were then grouped into one of five media-specific Operable Units (OUs):
• Groundwater OU • Surface Water OU • Soils OU • Burial Grounds OU • Decontamination and Decommissioning OU • Comprehensive Site OU Subsequent management activities associated with each OU typically involve several phases including: 1) remedial investigation, 2) baseline risk assessment, 3) feasibility studies, 4) record of decision/selection of a particular remedial action, 5) remedial design, and 6) remedial action. In most cases, management of each OU involves several different projects that address the contamination/risk issues associated with one or more SWMUs or AOCs. For example, the Groundwater OU includes several different projects: 1) onsite TCE source remediation, 2) the northwest and northeast plumes, 3) the southwest plume, and 4) potential sources associated with two off-site landfills. Specific timelines for each of these projects are established and tracked via the FFA and an annual Site Management Plan developed by US DOE. Assurance of project performance is provided by a CERCLA five-year review process.
KRCEE
The Kentucky Research Consortium for Energy and Environment was created in 2003 as part of a US DOE federal earmark appropriation facilitated by Senator Mitch McConnell. The consortium was created to help address myriad technical issues associated with PGDP clean-up activities by leveraging university expertise, both within Kentucky and regionally, to supplement the work of specific DOE laboratories and contractors. To date, KRCEE has overseen nearly 30 separate research projects --many involving actual work at the site --that have addressed such disparate concerns as seismic issues, groundwater contamination, surface water and sediments, volumetrically contaminated metals, and sensor technologies. This paper summarizes ongoing efforts to field test the use of bi-metallic nanoparticles to remediate several large TCE plumes that radiate north and west from the PGDP toward objective is to gain an understanding of the feasibility and effectiveness of the proposed technology. This information is then summarized in a final treatability study report. An example of the typical contents of such a report is provided in Table 6 (EPA, 1992). Community Acceptance
Proposed Treatability Studies
Two treatability studies associated with the PGDP northeast plume currently are under consideration. The northeast plume was chosen for several reasons, including: 1) the preexistence of a pump and treat system that provides the possibility of replacing an existing treatment cell with a cell that contains the proposed technology, 2) an abundance of geologic and monitoring data, 3) confinement of most of the plume underlying either the WKWMA or the TVA property, and 4) access to the northern extent of the plume Waste Management Plan through the recharge zone in Bayou Creek. The first proposed study would involve an ex-situ evaluation of the proposed technology, substituting it in one of the treatment units associated with the northeast pump and treat system. In this case, the associated nanoparticles would be fixed physically to a series of membranes, thus insuring that they would not be discharged into Little Bayou Creek via treated groundwater. Should the results of this study prove promising, an in-situ test would be performed in which the proposed nanoparticles would be injected into one of many existing boreholes or monitoring wells; the resulting remediation efficiency would be evaluated using existing down gradient monitoring wells or by monitoring the discharge of the plume in Bayou Creek. Prior to the second treatability study, a detailed tracer study utilizing the proposed
